Abstract: This study investigated human identification of brief nonspeech sounds in maskd conditions. The stimuli were sequences of tone bursts arranged into six spcctro-temporal patterns similar to those described previously by Kidd et al. (1; 2) . The main acoustic variables of interest were the duration of the elements of the patterns and the range of frequencies forming the patterns. In general, identification performance was better for the longer pattern durations and wider pattern frequency ranges and declined as duration or frequency range was reduced. At low signal-to-noise ratios and brief pattern durations, near-chance performance could be improved significantly by increasing the range of frequencies comprising the patterns even though the sensation levels (above masked detection thresholds) of the patterns were slightly lower. These results provide insight into the limits of human performance for the identification of brief sounds and form a benchmark against which the performance of automatic pattern recognition systems may be compared.
The identification of transient acoustic signals poses a challenging problem for machine-based recognition systems, especially at low signal-to-noise ratios. Although many human observers, such as skilld SONAR operators, are thought to be remarkably adept at such tasks, few systematic studies appear in the literature that have attempted to quantify this aspect of human performance. The present study represents a preliminary examination of the limits of human pattern identification ability at very brief signal durations.
THODS
A 1-interval 6-alternative forced-choice experimental procedure was employed. The task of the listener was to choose which of six previously learned patterns was presented during any given observation interval. Response feedback was provided. The six spectro-temporal patterns are illustrated schematically in Figure  1 ,~-
. A schematic representation of the six spectro-temporal patterns used as signals in the identification task.
The patterns were comprised of eight equal-duration tone bursts gated on and off contiguously. The total durations of the individual tone bursts forming the patterns were 6, 12, 24 and 48 ms (with risdfall times equal to l/6th of the total burst duration), resulting in total pattern durations of 48, 96, 192 and 384 ms, respectively. The frequency range of the pattern elements was 7, 14, 28 or 5670 of the nominal center frequency of 1000 Hz. Within a block of trials, pattern duration and frequency range were held constant.
Two young adults with normal hearing and previous experience in psychoacoustic experiments participated in the experiment. The listeners learned to identify the patterns by number (1-6) by practicing the identification task in quiet for all four duration conditions. Practice began with the narrowest frequency range (7Yo) which was doubled until either perfect performance or the widest range (56Yo) was reached, A minimum of eight W-trial blocks was tested for each experimental condition. The subjects' masked detection thresholds were also collected using a 21-2AFC adaptive tracking procedure for each of the signal patterns. For masked conditions, eight bursts of "pink" noise were presented synchronously with the signal bursts. The bandwidth of the noise was 200 Hz to 5000 Hz with an overall level of 70 dB SPL. The signal patterns were also presented at 70 dB SPL.
SULTS AND DISCUSSION
Figure 2 presents the masked detection thresholds averaged across the six patterns. The abscissa is frequency range and the ordinate is signal threshold. The parameter is duration. In general, detection thresholds for the six signal patterns were roughly equal for any given condition except at the shortest duration (6 ms) with the widest frequency spacing (5670). In that condition, the threshold for the alternating signal pattern (W) was significantly higher than those for the other five signal patterns (hence the large error bars). Masked detection thresholds across conditions varied, as expected, according to duration. Thresholds decreased as duration increased consistent with the well-known phenomenon of "temporal integration" (3). There was also a small, but consistent trend toward higher thresholds as the frequency range increased, particularly for the briefer durations. Due to this variation in threshold with duration and frequency range the sensation level of signal presentation in the masked identification task varied too, which must be considered in comparing performance across conditions. Figure 3 contains the identification results. The abscissa is the frequency range of the pattern elements and the ordinate is percent correct identification. The duration is plotted as the parameter. The results from the two listeners were qualitatively similar. Identification performance improved with increasing duration and increasing frequency range, For the briefest duration with the widest frequency range the average performance for the two listeners was approximately 63Y0. It is interesting to note that identification performance in quiet for this condition was near 100% for one listener and just under 80% for the other. For the narrowest frequency range, performance improved monotonically with increasing duration from about 23% correct to about 9470 correct, again taking the average of the two listeners.
It is not surprising that identification performance improves for the longer signal durations and wider frequency spacings. The higher sensation level of presentation for longer durations means the sounds are more clearly audible. Also, the longer-duration sounds have narrower frequency spectra and thus the variation in frequency is more easily discriminated (4). However, it is particularly interesting to observe that wider frequency spacing significantly improves performance even though the sensation level does not increase. This suggests that signal processing that exaggerates frequency variation and extends duration may enhance human performance in the identification of brief sounds at low signal-to-noise ratios (5) .
